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ÕPÖ�×'×'Ø•Ù£ÚVÛXÜ¥ÝZ×'ÞžßoàXáž×'Þ ÚVáž×
ßoÙX×
â\ãZÞžß�Ø'ãkâ â ãkÛXämå
àXÞo×.Ü

â\×;ÚVÛXÞ�ãVæUØ.ãZâ â
àGÛXç´Ø;Ú¢ßoçmãZÛ­ÚVâ\ãZÛXÝ�ÙPàXâµÚ¢ÛXÞ;è�é�×'ß;êVë%ÙG×'Û-çmß

Ø'ãkâ ×'Þ�ßoã
Ø'ãkâ â
àXÛGçpØ!ÚVßoçmÛXÝ—ë%çpßžÙŒØ'ãkâ ÖXàXßž×'áoÞ!êXßžÙX×-ßhåPÖXçmØ;Ú¢ä

ÙXãkâ ×­àXÞž×'á�çmÞ�Þžßoçmämä$ì�ãZàGÛXÜŒßoã�ÜX×.í8çmØ'×.ÞªämçmîZ×—ßoÙX×2îZ×'åPì�ã8Ú¢áoÜ

Ú¢ÛXÜ ßžÙX×�â ãkàXÞo×kèLïEÙGçpäm×%ÞžÖU×'×.Ø^Ù¥áo×.Ø'ãZÝkÛXçmßoçmãZÛ\ÞoåPÞoßž×'â Þ�Ú¢áo×

ðUÛGÜXçmÛXÝaßžÙX×'çmá�ë@Ú!åEçmÛPßoãÃämãVëñØ'ãZÞžßµØ.ãZâ ÖGàXßo×'ážÞ;ê�ßoÙX×.áo×sçmÞ

Úœáo×;Ú¢ä�ÛX×.×'ÜÃæ]ãZá2ÝZ×'ÞžßoàXáž×Œáo×.Ø'ãZÝkÛXçmßoçmãZÛÃÞoåPÞoßž×'â Þ
ßžÙUÚVß Ú¢áo×

áž×;ÚVÜXçmämå©Ú!íZÚ¢çpä•Ú¢ìXäm×�ßoãŒßžÙX× Ú!íZ×.á^ÚVÝk×
àXÞo×.á;è�ò%ÙX×'Þž× Þžå8Þžßo×'â\Þ

â
àXÞžß�Þ^ÚVßžçmÞhæ]å2ßoÙXáž×'×­âµÚ¢çpÛ—Ø'áoçmßo×.áoç•ÚXó�ážãZìXàXÞžßoÛX×.ÞoÞ;êGáo×;Ú¢ä«ôõßžçpâ\×

ãkÖU×'á•ÚVßžçpãkÛ ÚVÛXÜ2ämãVë�ôõØ.ãZÞoß!èLò%ÙGçpÞÉÖUÚVÖ�×'á�ÖXáž×'Þo×.Û8ßžÞ�Ú�öZ÷øÝZ×'Þ³ô

ßžàXáo×�áž×'Ø'ãkÝZÛXçmßoçmãkÛµÚVÛGÜµÙ�ÚVÛXÜ\ßoá^Ú¢Ø•î8çmÛXÝ
ÞžåPÞoßo×.â¶ßžÙUÚVß%Þ•ÚVßoçmÞ³ô

ðU×.ÞªßžÙX× ÚVì�ãVíZ×—Ø'áoçmßo×.áoç•ÚXè­ò%ÙX×
ÞžåPÞoßo×.â�Ø;Ú¢Û©ì�×-àGÞo×'Ü¥ë%çmßoÙ

Ú¢ÖXÖXämçmØ;ÚVßžçpãkÛXÞ�ßžÙUÚVß�áž×'ùPàXçmáo×­ßoÙGáo×'×­ÜXçmâ ×.ÛXÞoçmãZÛ�ÚVäPÞoÖUÚ¢ßoç•ÚVä�çmÛPô

ßž×'á^Ú¢Ø'ßoçmãZÛGÞ;è

ú

ÛPßo×.áo×'Þžß$çmÛ­íPçmÞoçmãZÛ�ìUÚVÞž×'Ü�ÝZ×.ÞoßoàGáo×�áo×'Ø'ãkÝZÛXçmßžçpãkÛ­ÙUÚVÞ�ìU×'×.Û

ÝkáoãVë%çmÛXÝ­ÞoçmÛXØ'×%×!ÚVáoämå�û;üküZýXþ Þ�ÿ•Þo×.×��mû��Xæ>ãZá�Ú­áo×.í8çm×'ë��.è���àXØ•Ù

ã¢æ�ßoÙXçmÞ2×��•ãkáoß2çmÞ-ÜX×.íZãZßž×'ÜaÞžÖU×.Ø'ç«ðUØ;ÚVämämåsßoãœÝZ×'ÞžßoàXáž×µì�ÚVÞo×.Ü

Ø'ãkâ ÖXàGßo×'á%çmÛPßo×'á³æõÚVØ.×'Þ	��
XêXöXê
��ê��Xê��Gê��XêXüXê6û!ý��oè��Xãká%×��XÚVâ
ô

ÖXäm×Zê��œÚVÝZÝkçmãZÛXç�� ���%ÜX×'ÞžØ'áoçmì�×'Þ Ú�ÞoåPÞžßo×'â àGÞoçmÛXÝ¥ßhëSãŒØ!ÚVâ
ô

×'á•ÚVÞ!êXßoÙ�ÚVß�ÜX×'ßo×.Ø'ßoÞ�ßoÙX×�ÖUãkÞoçmßoçmãZÛ\ãVæLßžÙX×­ÖUÚVämâ¸çmÛµöZ÷2èkò%ÙX×

Þžå8Þžßo×'â Ø;ÚVÛ
áž×'Ø'ãZÝkÛXç��'×�Þžç��-Þžß^ÚVßžçmØ%ÝZ×'ÞžßoàXáž×'Þ;ê�ÚVÛXÜ
çmß�çmÞ�àXÞo×.Ü

Ú¢Þ-çmÛPßo×'á³æõÚVØ.×µßžã ÚœíPçmáoßoà�ÚVä�×'ÛPí8çmážãZÛXâ\×'ÛPß;è����•×'ämÜXÞo×.ÛøÚ¢ÛXÜ

�­×'ÛXÜG×'á ÿ���
�� �%ÜG×'ÞoØ'ážçmìU× Ú(ÛX×'àXá•ÚVä�ÛX×.ßªì�ÚVÞo×.Ü©Þžå8Þžßo×'â ßoÙUÚ¢ß

ßžá^ÚVØ•îPÞ�ßžÙX×%ÙUÚVÛGÜ ÚVÛXÜ2áo×'Ø.ãZÝZÛGç!�.×'Þ%ÝZ×'ÞžßoàXáž×'Þ;êPë%ÙGçpØ•Ù
çmÞ�àXÞo×.Ü

çmÛ ÖGä Ú¢Ø'×­ãVæ�ßoÙG×ªâ\ãZàXÞž×�ßžã
â ãVíZ×�Ú¢ÛXÜ�áo×'Þžç��'×�ë%çmÛXÜXãVë%Þ!è

ò%ÙXçmÞ�ÖUÚVÖ�×'á�ÜX×'ÞžØ'áoçmì�×'Þ�Ú�æõÚVÞžß@Ú¢ÛXÜ ážãZìXàGÞoß%ÞoåPÞžßo×'âÄßoÙUÚ¢ß

Ú¢äpämãVë%Þ%àXÞž×'áoÞ—ßoã Ø.ãZÛPßoážãZä"
k÷0Ú¢ÛXÜ©ök÷0Ú¢ÖXÖXämçmØ;ÚVßžçmãZÛXÞ%àXÞžçmÛXÝ

çmÛPßoàXçmßžçpík×­ÙUÚVÛXÜ¥ÝZ×.ÞoßoàGáo×'Þ!è�ò%ÙX×2ÞoåPÞoßž×'âÇàXÞo×.Þ¨Ú(ÞoçmÛXÝkäp×2çmÛPô

×��PÖ�×'ÛXÞžçpík×�Ø;Ú¢â ×'á•Ú�Ú¢ÛXÜ
ßoá•ÚVØ•îPÞ�ßoÙX×%àGÞo×'ážÞSçmÛ
ÙUÚ¢ÛXÜ-çmÛ2áo×;Ú¢ä«ô

ßžçpâ\×Zè�ò%ÙX×­Ø;ÚVâ\×'á^Ú—çmÞ%â ãZàGÛ8ßž×'Ü
ãZÛ�ßžÙX×�â ãkÛXçmßoãká�ämã8ãkîPçpÛGÝ

ÜXãVë%Û�ÚVß�ßoÙX×—ß^ÚVìGäp×ŠôõßžãZÖµÚ¢ÞSÞžÙXãVë%Û�çmÛ#��çmÝZàXáž×�û2ÿ•ãkßoÙX×.á%Þo×•ô

ßžàXÖXÞ%ÚVáo×­ÚVämÞoã­Ö�ãZÞžÞoçmìXäm×$�'è�ò%ÙG×�àXÞž×'áSØ.ãZÛPßoážãZämÞ@Ú¢ÖXÖXämçmØ;ÚVßžçmãZÛXÞ

ìPå£ÝZ×'ÞžßoàXážçmÛXÝ£ë%çpßžÙXçmÛEßoÙG×©Ø;Ú¢â ×'á•ÚXþ Þ
ßoÙGáo×'×sÜXçmâ\×'ÛXÞoçmãkÛUÚVä

ðU×.äpÜ2ãVæ�í8çm×'ë�ècò%ÙX×SÞžåPÞoßo×.â0áž×'Ø'ãkÝZÛXç��'×'ÞÉßoÙXáž×'×%Þoçmâ ÖGäp×�ÙUÚ¢ÛXÜ

Ýk×'ÞoßžàXáo×'Þ�ßžÙUÚVß\Ø;ÚVÛEì�×¥àXÞo×'Ü½ÚVÞ ÜGçpÞžØ'áo×.ßo×sØ'ãkâ âµÚ¢ÛXÜXÞ�ßžã

Ú¢ÖXÖXämçmØ;ÚVßžçpãkÛXÞ;èÃò%ÙX×�ÞoåPÞžßo×'â3ßžá^ÚVØ•îPÞ ßžÙX×�àXÞo×.á;þ Þ Ö�ãZçmÛPßoçmÛXÝ

ðUÛGÝZ×'á
ÚVÛXÜÃ×'ÞoßžçmâµÚVßž×'Þ—æ]ãZàXá2ÖUÚ¢á^ÚVâ\×'ßo×.áoÞ�ÿ %'&)(*&)+*&),��—ßoÙUÚ¢ß

áž×'ÖXáo×.Þo×'ÛPß2ßoÙX×—ðUÛXÝk×'á;þ Þ­ÖUãkÞoçmßoçmãkÛ©ÚVÛXÜ¥ãZážçm×'ÛPß^ÚVßžçmãZÛLè.-�×'áž×Zê

ÿ/%0&�(1�­ÜG×'ÛXãZßž×'Þ
ßoÙG× Ö�ãZÞoçmßžçpãkÛ©ã¢æ�ßoÙX×(ðUÛXÝk×'áhôhßoçmÖsçmÛsçmâµÚVÝk×

Ø'ãPãkáoÜXçmÛUÚ¢ßo×'Þ­ÚVÛXÜ2+2çmÞ�Ú2ÙX×'çmÝZÙPß%â\×;ÚVÞžàXáo×­ßoÙ�ÚVß�çmÞ%ÖXážãZÖ�ãZá³ô

ßžçpãkÛUÚVä�ßoã
ßžÙX×-ÜGçpÞžß^Ú¢ÛXØ'×2ãVæ�ßoÙX×—ðUÛXÝk×'áhôhßoçmÖ�æ>áoãZâÄßoÙG×-ß•ÚVìXäm×

ßžãZÖLè

��çpÝkàXáo×
ûkó�3%ÚVâ ×.á^Ú�ÕP×.ßoàXÖLè

ò%ÙX×�ÝZ×.ÞoßoàGáo×'Þ�áo×'Ø.ãZÝZÛGç!�.×'Ü
ìPåªßžÙX×%ÞoåPÞžßo×'â¸ÚVáo×%ÞžÙXãVë%Û�çmÛ

��çmÝZàXáž×�
Xè�4	5�6/7*8ªÚVÛGÜ:9<;$=
>�?¥ÚVáž×�Þoß•ÚVßoçmØ�Ýk×'ÞoßžàXáo×.Þ;ê6ë%ÙXçmäm×

@<A/6 >�B¨çpÞ�Ú�ÜXåPÛUÚVâ\çmØ$Ýk×'ÞoßžàXáo×�ßoÙ�ÚVßLçmÛPíZãkämíZ×'Þ6ùPàXçmØ•î­ìU×'ÛGÜXçmÛXÝ

ã¢æ-ßoÙX×¥çmÛXÜX×��ÃðUÛGÝZ×'á!è¸ò%ÙX×DCFE�5�GH7JI Ø'ä•ÚVÞoÞ�çmÛXØ'ämàXÜG×'ÞŒÚVämä

ãkßoÙX×'á%Ýk×'ÞoßžàXáo×.Þ¨Ú¢Þ%ëS×.äpäLÚ¢Þ%ßoÙX×—×'â ÖXßhå2çmâµÚ¢ÝZ×Zè

ò%ÙX×�áo×'Ø.ãZÝZÛGçpßžçmãZÛµÚ¢ÛXÜ Ö�ãZÞž×�×'ÞžßoçmâµÚ¢ßoçmãZÛ
â\×'ßoÙGã8ÜGÞ�àXÞo×.Ü
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ãZçmÛPß �%×!ÚVØ•Ù

Ø.äpçmØ•î �¨áoãZàGÛXÜ

��çmÝZàXáž× 
Gó��¨×'ÞoßžàXáo×2Ø'ä•ÚVÞžÞo×'Þ!è

ìPå ßžÙXçmÞ%ÞoåPÞoßž×'â�ÚVáž×�ìUÚ¢Þo×'ÜŒãkÛ�ìUãkàXÛXÜUÚ¢áoåµÚ¢ÛUÚVämåPÞoçmÞ%ã¢æißžÙX×

ÙUÚ¢ÛXÜEáž×'ÝZçmãZÛ�èJò%ÙG×'Þo×¥â ×'ßžÙXãPÜXÞµÚ¢áo×Œík×'áoåÃæõÚ¢Þoß�ÚVÛXÜEßžÙX×

ÖXážãZÝká^ÚVâÇážàXÛXÞ ÚVß2ßoÙG×���ò�Õ�3NðU×.äpÜÃá^Ú¢ßo×�ãVæ �ký�-��kèsò%ÙX×

Þžå8Þžßo×'âÇçmÞ�ážãZìXàXÞžß�ë%çmßoÙ¥íZ×'ážå©ämãVën×'ážáoãká-á•ÚVßo×.Þ-ÚVÛXÜ¥çmÞ�çmÛPô

Þž×'ÛXÞoçmßžçpík×Sßžã�Þžî8çmÛ�Ø.ãZâ ÖGäp×��8çmãkÛXÞLÚVÛXÜ—ÙUÚVÛXÜ—Ø^Ù�ÚVá^Ú¢Ø'ßo×.áoçmÞoßžçpØ.Þ;è

ò%ÙX×�ÞoåPÞoßž×'â©þ Þ�á^Ú¢ÖXçmÜ
áo×'ÞžÖUãkÛXÞo×�â�ÚVîk×SçmßSÚ—ÖXá^Ú¢Ø'ßoçmØ;Ú¢äUçmÛXÖGàXß

çmÛPßo×'á³æõÚVØ.×ZèEò%ÙX×�áž×'Ø'ãZÝkÛXç��'×'ÜEÝk×'ÞoßžàXáo×.ÞBÚ¢áo×�âµÚ¢ÖXÖ�×'ÜaçmÛPßoã

Ø'ãkâ â�ÚVÛXÜXÞ­ämçmîZ×��žØ'ämçpØ•î	�Uê
�žãZÖ�×'Û£ÜXãPãZá��Uê
�hð�áo×�ÝZàXÛ��Uê�×'ßžØ

Ú¢ÛXÜ£ßoÙX×¥×'ÞoßžçmâµÚVßž×'Ü£ÖUãkÞo×ŒÖ�ÚVá^Ú¢â ×'ßž×'áoÞ�ÚVáž×ŒàXÞo×.Ü Ú¢Þ
Û8à›ô

â\×'áoçmØ;Ú¢äLÚVáoÝkàXâ ×.Û8ßžÞ%ßoã
Ø'ãkÛPßoáoãkäLÞžÖUÚVßžç Ú¢äLÖUÚ¢á^Ú¢â ×'ßž×'áoÞ%ÞžàXØ•Ù

Ú¢Þ%ÜXçmáo×'Ø'ßžçmãZÛ�ãVæ�
UçmÝZÙPß@Ú¢ÛXÜ�ÞoÖ�×'×'ÜLèÉò%ÙX×�Þžå8Þžßo×'âÄÙUÚ¢Þ%ìU×'×.Û

ßž×'Þoßž×'Ü�ë%çpßžÙµÚ­ä•Ú¢áoÝZ×�ÛPàXâ
ìU×.á�ãVæLàXÞž×'áoÞ�Ú¢ÛXÜµÚ¢ämâ ãZÞžß�×'íZ×'ážåkô

ãkÛX×�ðUÛXÜXÞ%çmß%×;Ú¢ÞoåµÚ¢ÛXÜ�çmÛ8ßžàXçmßoçmíZ×�ßoã
àXÞž×Zè

ò%ÙX×\ÖUÚVÖ�×'á
çmÞ2ãZáoÝPÚVÛXç��'×.ÜˆÚVÞ—æ]ãkäpämãVë%Þ!è©ÕP×'Ø.ßoçmãZÛ 
�ÜXçmÞ³ô

Ø'àGÞoÞo×.ÞsßoÙX×sáž×'Ø'ãZÝkÛXçmßoçmãZÛnÚVÛGÜnßoá^Ú¢Ø•î8çmÛXÝEÚ¢äpÝkãZážçpßžÙXâ Þ Ú¢ÛXÜ

ÕP×.Ø'ßoçmãZÛ½ö¥ÖXáo×'Þž×'ÛPßoÞ©Úœæ>×'ë�ÚVÖXÖGäpçmØ;Ú¢ßoçmãZÛGÞ;è

�

×'á³æ]ãZážâµÚ¢ÛXØ'×

Ú¢ÛXÜ�àXÞ•ÚVìXçmämçmßhåªçmÞžÞoàX×'Þ�Ú¢áo×�ÜXçmÞoØ'àXÞžÞo×'Ü
çmÛ
ÕP×'Ø'ßžçmãZÛ	��ÚVÛGÜ�Ø'ãZÛ›ô

Ø'ämàXÞžçmãZÛXÞ­ÚVáo×2ÖXáž×'Þo×'ÛPßž×'ÜaçmÛ©ÕP×.Ø'ßoçmãZÛ��Xè
�%×;Ú¢ÜX×'áoÞ—ë%ÙXãµÚ¢áo×

ÛXãkßLçmÛPßo×'áž×'Þoßž×'Ü
çmÛ�ßoÙG×SÚVämÝZãkáoçmßoÙGâ çmØ$Ú¢ÞoÖ�×'Ø'ßoÞÉãVæXáo×'Ø.ãZÝZÛGçpßžçmãZÛ

Ú¢ÛXÜ�ßoá^Ú¢Ø•î8çmÛXÝ2Ø;Ú¢ÛµÞžîPçpÖŒÕP×.Ø'ßoçmãZÛ2
2×'ÛPßžçpáž×'ämå8è

� �����kÎ›Ò�Ï������LÓ6Ð��SÍ�ÔhÎXÔoÐÉÍ���Í�Ñ ��� �\Ð��	�

 

�ZÎXÔ�!"��Î›ÔžÐ�Í

ò%ÙX×sÝk×'ÞoßžàXáo×sáž×'Ø'ãkÝZÛXçmßoçmãkÛ Ú¢äpÝkãZážçpßžÙXâ3çmÞ�ìUÚVÞž×'ÜnãZÛnÚ

ì�ãZàXÛGÜUÚVážå ÚVÛUÚ¢äpåPÞžçpÞ�ã¢æLßoÙX×�ÙUÚVÛXÜ\áo×'ÝkçmãZÛLè�#�ÚVØ•Ù\çpÛGÖXàXß�çmâ
ô

Ú¢ÝZ×
çmÞ­ðUážÞoß2Ø'ä•ÚVÞoÞžç«ðU×'ÜsçmÛPßoã�ãZÛX×\ãVæ�æ]ãZàGá�ÝZ×'ÞžßoàXáž× Ø'ä•Ú¢ÞoÞo×.Þ;ó

4	5�6/7*8;ê19<;�= >�?Lê
@<A 6/>�B6êZÚ¢ÛXÜ C	E�5�GH7JI�è%$�Û
çmâµÚVÝk×�ßoÙUÚ¢ß�ìU×Šô

ämãZÛGÝZÞ­ßoã\ßoÙX× 4	5�6/7*8ªØ.ä Ú¢ÞoÞ!êLçmÞ�æ]àXážßoÙX×'á2ÚVÛUÚ¢äpå
�'×.Ü©ßžãµØ.ãZâ
ô

ÖXàGßo×�ßžÙX×%Ö�ãZÞoçmßžçpãkÛµÿ/%0&�(1��ÚVÛGÜ-ãkáoçm×'ÛPß^Ú¢ßoçmãZÛ ,­ãVæ6ßoÙG×�Ö�ãZçmÛPßhô

çmÛXÝ�ð�ÛXÝZ×'á
çmÛÃßoÙX×�çmâµÚ¢ÝZ×2ÖXä•ÚVÛX×Zè&$�ÛˆÚ¢ÜXÜXçmßoçmãkÛUÚVä�ÙG×'çmÝZÙPß

Ø'ãkâ ÖXàGß^ÚVßžçmãZÛ£çmÞµÖ�×'á³æ]ãZážâ ×'Ü½ßoãÃÜX×'ßo×.áoâ çmÛX×¥ßoÙG×¥ðUÛXÝZ×.á;þ Þ

áž×'ä•ÚVßoçmík×ªÙG×'çmÝZÙPßªÿ/+1�@æ]áoãkâ ßoÙX×­ß•ÚVìXäm×­ßoãkÖLè

ò%ÙX×�Ø'ä•ÚVÞžÞoç«ðUØ;Ú¢ßoçmãZÛ2â ×.ßoÙXãPÜ�Ø'ãkÛXÞoçmÞžßoÞ�ãVæ6ßhëSã�Þoß•ÚVÝZ×.Þ;ó�ÚVÛ

çmÛXçmßoç•Ú¢äZØ'ä•ÚVÞžÞoç«ðUØ;Ú¢ßoçmãZÛ—ìUÚVÞž×'Ü
ãZÛ
ÚVÛUÚ¢ämå8ÞžçmÞLãVæ�äpãPØ;Ú¢äkæ]×;ÚVßžàXáo×.Þ;ê

Ú¢ÛXÜ­ðUÛUÚ¢äZØ'ä•Ú¢ÞoÞoç«ðUØ!ÚVßoçmãkÛ�çmÛ8íkãZämíPçmÛXÝ@Ú@ðUÛXçmßo×�Þoß•ÚVßž×Sâ�ÚVØ•ÙXçmÛX×Zè

')(+* ,.-

xPw0/
1�2Uw6u	3�v42Ex�/•wLtkt6587926v

ò%ÙX×—äpãPØ;Ú¢ä6æ]×!ÚVßoàGáo×2Ø'ä•ÚVÞoÞžç«ðU×'á�ðUáoÞžß­×��Pßoá^Ú¢Ø'ßoÞ­Ø'ãkÛXÛX×'Ø.ßo×'Ü

áž×'ÝZçmãZÛGÞ�æ]ážãZâ¸ßoÙG×�çmÛXÖXàXßÉçpâ�ÚVÝk×SìPå
Ø'ãkâ ÖUÚ¢áoçmÛXÝ­ßoÙX×�çmâµÚVÝk×

ë%çmßoÙsÚ\ÖXáo×.í8çmãkàXÞoämåsÚVØ'ùPàXçmáo×.ÜsìUÚVØ•îPÝZážãZàXÛXÜ�è
ò%ÙX×
ì�ãZàXÛXÜ›ô

Ú¢áoå2ãVæL×;Ú¢Ø^Ù�áž×'ÝZçmãZÛ
çmÞ�ßžÙX×'Û�áo×.ÖXáo×'Þž×'ÛPßo×'Ü¥ÚVÞ%Ú­ämçpÞžß�ãVæ�ÖXç��P×'ä

Ö�ãZÞžçpßžçmãZÛXÞ.:Pÿ %�ÿ 6/��&�(Xÿ/6 � �<;�çmÛµÚ—Ø'ämãPØ^îPë%çmÞo×�ãZážÜX×'á;è�$½ÙX×'àGáoçmÞhô

ßžçpØ�ÞoØ'áž×'×'ÛXçmÛXÝ\ãVæ�ßoÙX×­áo×.ÝZçmãZÛXÞ�ìUÚ¢Þo×'Ü�ãZÛ\ÖU×.áoçmâ ×'ßž×'á%äm×'ÛXÝkßoÙ

ÜX×.Ø'çmÜX×'Þ�ë%ÙGçpØ•Ù�áo×.ÝZçmãZÛ\â çmÝZÙPß�áž×'ÖXáo×.Þo×'ÛPß�Ú2ÙUÚVÛGÜLè

ò%ÙX×�ì�ãZàXÛGÜUÚVážåaãVæ�ßžÙX×�áo×'ÝkçpãkÛ£ßoÙUÚ¢ß
çpÞ
Þž×'äm×'Ø'ßž×'Ü Ú¢Þ Ú

�žÖUãkÞoÞoçmìXäm×�ÙUÚ¢ÛXÜ��sçmÞ
æ]àGáoßoÙG×'áµÚ¢ÛUÚVämå
�'×'Ü£ßoãs×��8ßžá^Ú¢Ø'ß�äpãPØ;Ú¢ä

æ]×!ÚVßoàGáo×'Þ!è­ò%ÙX×�Ú¢ämÝZãZážçmßoÙXâ¸ð�áoÞoß­Ø'ãkâ ÖXàGßo×'Þ­Ú
îkôõØ.àXáoíZÚ¢ßoàXáž×

â\×;ÚVÞžàXáo×­ÚVß�×;ÚVØ•Ù�ÖUãkçmÛ8ß�ë%ÙX×'áž×­ßoÙX×­â ×!ÚVÞoàGáo×�ÜG×'ÛXãZßž×'Þ%ßoÙG×

Ú¢ÛXÝZäm×#@(ÿ 6/�2ìU×'ßhë�×'×'Û¡ßhëSã¥íZ×'Ø.ßoãZážÞ:��4
ÿ/6�= B���&�4
ÿ 6/�/�ªÚ¢ÛXÜ

��4
ÿ/6 ��&)4
ÿ/60> B��/�­æ]ãkáBÚ Ø'ãZÛGÞoß^Ú¢ÛPß Bcè

�

ãkçmÛ8ßžÞµÚ¢äpãkÛXÝsßoÙG×

ì�ãZàXÛGÜUÚVážå�ë%ÙX×'áž×�ßoÙG×%Ø'àXáoíZÚ¢ßoàXáž×%çmÞiÚ�ämãPØ;ÚVäG×��Pßoáo×.â
àXâ0Ú¢áo×

ßžÙX×'ÛsçmÜX×'ÛPßoç«ðU×.Ü Ú¢Þ��žämã8Ø!ÚVä�æ]×;Ú¢ßoàXáž×'Þ?��è�Õ›ãZâ ×—ãVæSßžÙX×'Þo×\ämãVô

Ø;Ú¢äPæ]×;Ú¢ßoàXáž×ªÚ¢áo×%ä•ÚVì�×'äm×'Ü��oÖ�×;Ú¢î8Þ���ãZá@�oíZÚVämäm×'åPÞ?��ÜX×'Ö�×'ÛXÜXçmÛXÝ

ãkÛµßžÙX×2Ø'àXáoíZÚ¢ßoàXáž×-â\×;ÚVÞžàXáo×.Þ;è

�

×;Ú¢î8Þ­ÚVáž×­æ]×;Ú¢ßoàXáž×'Þ­ë%ÙXãZÞž×

Ø'àGáoíZÚVßžàXáo×.Þ¨Ú¢áo×�Ö�ãZÞžçmßoçmíZ×­ë%çmßoÙŒâ�ÚVÝkÛXçmßoàXÜX×.ÞSÝkáo×;Ú¢ßo×'á­ßoÙ�ÚVÛ

Ú�ðH�P×'Ü©ßžÙXáo×.ÞoÙXãkäpÜ 4�ACBED�Ú¢ÛXÜŒíZÚVämäm×'åPÞªÚ¢áo×—æ]×;Ú¢ßoàXáž×'Þ­ë%ÙXãZÞž×

Ø'àGáoíZÚVßžàXáo×.Þ ÚVáo×
ÛG×'Ý8Ú¢ßoçmíZ×\ë%çpßžÙsâµÚ¢ÝZÛXçmßoàGÜX×'Þ­äm×'ÞoÞ2ßoÙUÚ¢ÛaÚ

ðH�P×'Ü�ßžÙXáo×'ÞžÙXãZämÜ�F	ACBED8èG#�ÞoÞž×'ÛPßoç•ÚVämämåPêPÖU×;Ú¢îPÞ%Ø'ãZážáo×'ÞžÖUãkÛXÜ©ßžã

Ö�ãZçmÛPßoÞ�ãVæLØ'àGáoíZÚVßžàXáo×­â�Ú��Pçmâ Ú%ë%ÙX×'áž×­ßoÙX×­Ø'àXážíZ×­çmÞ�ämãPØ;ÚVämämå

Ø'ãkÛPíZ×��©Ú¢ÛXÜŒíZÚ¢äpäm×'åPÞ�Ø'ãZážáo×'ÞžÖUãkÛXÜaßžã Ö�ãZçmÛPßoÞ­ãVæSØ.àXáoíZÚ¢ßoàXáž×

â\çpÛGçpâ Ú�ë%ÙX×.áo×�ßžÙX×­Ø'àXáoík×�çmÞ%ämã8Ø!ÚVämämå-Ø'ãkÛXØ;Ú!ík×Zè

$•æ]ßo×'á
×��8ßžá^Ú¢Ø'ßoçmÛXÝsßžÙX×ŒämãPØ;ÚVä�æ]×!ÚVßoàGáo×'Þ!êSßžÙX×©Ú¢äpÝkãZážçpßžÙXâ

ÖXážãPØ'×'×'ÜXÞœë%çpßžÙ Ú¢ÛEçmÛXçmßoç•ÚVä�ÝZ×'ÞžßoàXáž×sØ'ä•ÚVÞžÞoç«ðUØ;Ú¢ßoçmãZÛEì�ÚVÞo×.Ü

ãkÛ©ßžÙX×
ÛPàXâ
ìU×.áªã¢æ@Ö�×;Ú¢î8Þ\ÿCH.IKJ?LNMPO��­Ú¢ÛXÜsßoÙX×
ÛPàXâ
ì�×'á­ãVæ

íZÚ¢äpäm×'åPÞ ÿ+H
QRL<STSUJWVRO��
ÚVÛXÜÃÞoßoãkáo×'Þ\ßoÙX×�áž×'ÞoàXämß\çpÛ£ÚŒíZÚ¢áoç•ÚVìGäp×

Ø;Ú¢ämäp×.ÜD>�A/=YXZXkè ò%ÙX×
ážàXäm×2æ]ãZá­ßžÙXçmÞªÖGáo×'ämçmâ çmÛUÚ¢áoå�Ø'ä•ÚVÞžÞoç«ðUØ;ÚŽô

ßžçpãkÛ çmÞ%ÝZçmík×'Û ìPå ßžÙX×�æ]ãZämämãVë%çmÛXÝ�ßhë�ã-×.ù8à�ÚVßoçmãkÛXÞ;ó

ÿ/>�A =	XZX\[^]H5�6/7*8)� 6C_ ÿ+H
IKJ?L<MKO.`^aYI4b

��=
7JI�ÿCH
IKJ?LNMPOdcea	I

�

ÿ/>�A =	XRX
[ E�;�=
>�? � 6C_ ÿ+H.IKJ?L<MKO
`^a

D
b$��5�EPÿCHfQRL<STSUJgVZO

`ea

Dih
�

��çmÝZàXáž×Sö%çmämämàXÞoßžá^Ú¢ßo×'Þ�ßoÙG×Sâ\ãZßoçmíZÚ¢ßoçmãZÛ%ì�×'ÙXçmÛXÜ2ßoÙXçmÞ�ßo×'Ø•ÙPô

ÛXçmùPàX×Zè

ú

Û ßžÙX×�ðUÝZàGáo×ZêPÖ�×;ÚVîPÞ%ÚVÛXÜ\íZÚVämäm×'åPÞSÚVáž×�ÜX×.ÛXãZßž×'Ü�ì8å

ÞžãZämçmÜsØ'çmáoØ'äm×'Þ
ÚVÛXÜÃÞoùPàUÚ¢áo×'Þ!ê�áo×.ÞoÖ�×'Ø'ßoçmík×'ämå8èsò%ÙG× áo×.ÞoàXämß
ãVæ

ßžÙXçmÞ�Þoß•ÚVÝZ×\çmÞ-ßžÙX× íZÚ¢áoç•ÚVìXäm× >�A =	XZX�ßoÙUÚ¢ß-Ø!ÚVÛsÙUÚ!ík× ãZÛG× ãVæ

ßžÙX×­ßoÙXáž×'×-íZÚ¢ämàX×'Þ�]H5�6/7*8;êHE�;�= >�?ŒÚVÛXÜkj E�5�G 7JI�è

')(l' m

26tVu	3�v62�no26x
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ò%ÙX×
ÖGáo×'ämçmâ çmÛUÚ¢áoå�Ø'ä•ÚVÞžÞoç«ðUØ;Ú¢ßoçmãZÛ¥Þoß•ÚVÝZ×
çmÞ­æ>ãZämämãVëS×'Üœì8å

Ú\ð�ÛXçmßo× Þžß^Ú¢ßo× Ø.ä Ú¢ÞoÞžç´ð�Ø;ÚVßžçpãkÛsßoÙUÚ¢ß�çmÜX×'ÛPßoç«ðU×.Þ-ßžÙX× Ø'ãkáoáž×'Ø'ß

ÙUÚ¢ÛXÜ¥ÝZ×'ÞžßoàXáž×Zè2ò%ÙX×-áž×'ÞoàGäpß—ãVæSßžÙXçmÞªÞžß^Ú¢ÝZ×2çpÞ­Ø;Ú¢ämäp×.ÜrX�8)= 8);

Ú¢ÛXÜŒçmß�Ø'ãkáoáž×'ÞoÖ�ãZÛXÜGÞ-ßžã ãZÛG×-ã¢æSßoÙX×—æ]ãkàXá�Ýk×'ÞoßžàXáo×
Ø'ä•Ú¢ÞoÞo×.Þ;è

ò%ÙX×
ÛG×'ë íZÚVämàX×2ãVæ\X 8)=�8);\ÜX×.ÖU×'ÛGÜXÞ-ãkÛ >�A =	XZXZê�ßžÙX× ÖXáž×'íPç«ô

ãkàXÞ-íZÚ¢ämàX×
ãVæsX 8)= 8);µÚ¢ÛXÜˆÚ¢ämÞoãŒãkÛaßoÙG× áo×.ÞoàXämßoÞ
ã¢æ%æ]àXážßoÙX×'á

ì�ãZàXÛGÜUÚVážåµÚVÛ�ÚVämåPÞoçmÞ;è

ò%ÙX×d
UãVëEØ•ÙUÚ¢áoß%ãVæLßžÙX×�ðUÛXçmßo×­Þžß^ÚVßž×­Ø'ä•ÚVÞoÞžç«ðU×'á%çmÞSÞžÙXãVë%Û

çmÛ:��çmÝZàXáž× �Uè—ò%ÙX×
Ø'ä•ÚVÞžÞoç«ðU×'á�ë�ãZážîPÞ¨Ú¢Þ�æ]ãZämämãVë%Þ;è	��çmáoÞžß;ê�ç´æ



�

ãZçmÛPß �•×;ÚVØ•Ù

��çmÝZàXáž×ŒöXó

�

×;Ú¢îPÞ ÚVÛXÜ£íZÚVämäm×'åPÞ
àXÞž×'Ü£æ]ãká-çmÛXçmßoç•Ú¢ä%ÝZ×'ÞžßoàXáž×

Ø'ä•Ú¢ÞoÞoç«ðUØ!ÚVßoçmãkÛLè�3�çmáoØ'äm×'Þ�áo×'ÖGáo×'Þž×'ÛPßªÖ�×;Ú¢î8Þ�Ú¢ÛXÜ ÞžùPàUÚVáž×'Þ�ÜX×Šô

ÛXãkßo×­íZÚVämäm×'åPÞ;è

Class = ?

Pointing Finger Detector

Pose Finder Null

Prev_state = Point/Click?

Point

Reach Ground

No

State = Ground

State = ClickYes

along hand boundary
Finger tip's positional index

State=Reach

Pose

Click?

Yes

No

State = Point

��çmÝZàXáž×<�Uó���çmÛXçmßo×­Þoß•ÚVßo×­Ø'ä•Ú¢ÞoÞoç«ðU×.á;è

ßžÙX×�íZÚVážç•ÚVìXäm×�>�A =	XZX�çmÞ6ÛXãkß ]H5�6/7*8LßoÙG×'Û�çmßoÞ6íZÚ¢äpàG×$çmÞ6áž×'ßoàXážÛX×'Ü

Ú¢Þ%ßoÙX×­ÛX×'ë½Þoß•ÚVßž×Zè

ú

æ�>�A =	XRX—çmÞ�] 5�6 7*8;êGßoÙX×­Ö�ãZçmÛPßoçmÛXÝ—ðUÛXÝk×'á

çmÞ2äpãPØ;Ú¢ßo×'ÜÃçmÛaßoÙG×µçmâ�ÚVÝZ×
ÚVÛGÜaçmßoÞ2ÖUãkÞo×�çmÞ�Ø'ãkâ ÖXàXßž×'ÜˆÚ¢Þ

×��PÖXä•Ú¢çpÛG×'Ü£çpÛEÕP×.Ø'ßoçmãZÛ 
Gè ��è

ú

æ�ßoÙX×ŒÖ�ãZçmÛPßoçmÛXÝœðUÛXÝk×'á Ø!ÚVÛ

ÛXãkß�ì�×%æ]ãkàXÛXÜLêkßoÙX×.Û X�8)= 8);�çmÞSÚVÞžÞoçmÝZÛX×.Ü ßoÙG×�íZÚVämàX×)j E�5�G 7JI�è

ú

æ�ÖXáž×'íPçmãZàXÞ�Þžß^Ú¢ßo×�çmÞ�×'çmßoÙX×.ás] 5�6 7*8�ãZá >�A 6/>�B6ê�ßoÙG×'ÛˆÚ�ßž×'Þoß

æ]ãká >�A/6 >�BBçpÞ�ÜXãZÛG×Zê�Þo×'ßžßoçmÛXÝ ßžÙX×2ÛX×'ënÞoß•ÚVßž×-ßžã#>�A 6/>�B�ç«æSßžÙX×

ßž×'Þoß�ÞžàXØ'Ø'×.×'ÜXÞ�ãZá�ßoã.]H5�6/7*8$ãkßoÙX×.áoë%çmÞo×Zè

ú

æ�ÖXáo×'íPçmãZàGÞ�Þoß•ÚVßo×�çmÞ

E�;�=
>�?Œãká.j�E�5�GH7JI�ê�ßoÙX×2ÛX×'ënÞžß^Ú¢ßo×2ß^ÚVîk×'Þ­ßoÙX×2Þ^Ú¢â ×­íZÚVämàX×

Ú¢Þ�>�A =	XRXkè

$%ß�ßo×'ážâ çmÛUÚVßžçmãZÛLê•ßžÙX×SíZÚ¢áoç•ÚVìGäp×�X 8)= 8);�ÜX×.ÞoØ'ážçpì�×'Þ�ßžÙX×�ÝZ×'Þ³ô

ßžàXáo×�ÚVÛXÜsç«æ�ßoÙG×
ÝZ×'ÞžßoàXáž×µçmÞ\] 5�6 7*82ãZá�>�A/6 >�B¥ßžÙX× íZÚ¢áoç•ÚVìGäp×

] 5KX$;(Ø'ãZÛPß^Ú¢çmÛXÞ­ßoÙX×2ÖUãkÞo×Œÿ/%0&�(�&�+�&�,���ãVæ%ßoÙX×2ÖUãkçmÛ8ßžçmÛXÝ
ðUÛ›ô

Ýk×'á;è£ïs×�ÛXãVë ÜG×'ÞoØ'ážçmìU×¥ßoÙX×¥ÚVämÝZãkáoçmßoÙXâ\Þ­àXÞo×'Üøæ]ãZá2Ø'ämçmØ^î

ÜX×.ßo×'Ø'ßžçmãZÛ©Ú¢ÛXÜ�ÖUãkÞo×­Ø'ãZâ\ÖXàXß•ÚVßoçmãkÛLè

')(�� �
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ò%ÙX× >�A 6/>�BsÝk×'ÞoßžàXáo×œçpÞ—ÜX×•ðUÛX×.ÜøÚ¢Þ�Ú �oÞžßoãkÖPô³Ú¢ÛXÜPôhØ'ämçmØ^î	�

á•ÚVßoÙG×'á�ßžÙUÚVÛ©Ú �žáoàXÛGÛXçmÛXÝ
Ø'ämçmØ^î	��è�ò%ÙXçmÞ%â ×!ÚVÛ ßžÙUÚVß!êXë%ÙXçmäm×

ßžÙX×�Ö�ãZçmÛPßoçmÛXÝ­ð�ÛXÝZ×'á�â ãVík×'Þ�ßžÙX×�áž×'Þoß%ã¢æLßoÙX×­ÙUÚ¢ÛXÜ
çmÞSâ\ãZáo×

ãká äm×'ÞoÞ�â\ãZßoçmãkÛXäm×'ÞoÞ!è”ò%ÙX× @<A 6/>�B�� ; 8);�> 8)5�EÃØ'ä•ÚVÞoÞžç«ðU×'ÞŒÚ

Ýk×'ÞoßžàXáo×­ÚVÞ">�A/6 >�B2ç«æUßžÙX×�ë%ÙGãZäm×SÙ�ÚVÛXÜ
ÙUÚ¢Þ�ÛXãZß�ÞžçmÝZÛXç«ðUØ;Ú¢ÛPßoämå

â\ãVíZ×'Ü—æ]áoãkâ¸ßoÙX×�ÖXáo×'íPçmãZàGÞ�æ]á•ÚVâ\×�ÚVÛXÜ
ßžÙX×�Ö�ãZÞžçpßžçmãZÛ
Ø'ãkâ
ô

Ö�ãZÛX×.Û8ß­ã¢æ@Ö�ãZÞž×
ÙUÚVÞ­ÞoÙGç´æ>ßo×'ÜsìPåŒÚ\ÞoÖ�×'Ø'ç«ðU×'Ü£ÚVâ ãkàXÛPß%ßoã¢ô

ë%ÚVážÜXÞ-ßžÙX× çmÛPßo×.áoçmãZá2ãVæ�ßžÙX× áž×'ÝZçmãZÛ�èŒò%ÙX×�â ãkßoçmãZÛœãVæ�ßoÙG×
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UåkôõßžÙXáoà�ÚVÖXÖXämçmØ;Ú¢ßoçmãZÛLê¢æ]ãká�×��XÚVâ\ÖXäm×ZêZßžÙX×

×'äm×'íZÚ¢ßoçmãZÛ
ã¢æ$ßžÙX×.
UçmÝkÙ8ß�Ø;Ú¢Û ì�×ªÞž×'ß�ÚVØ.Ø'ãZážÜXçmÛXÝ-ßžã-ßžÙX×­Ø'àXá³ô
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ßžàXáo×'Þ�Ú¢ÛXÜ�×'ÞžßoçmâµÚ¢ßo×'Þ�Ú�æ]ãkàXáhôhÖUÚVá•ÚVâ\×'ßo×'á�ÖUãkÞo×�Ø'ãZážáo×'ÞžÖUãkÛXÜPô

çmÛXÝ�ßžã�ßoÙG×�Ö�ãZÞoçmßžçpãkÛ ÚVÛXÜ
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ážãZämä@Ú¢ÛXÜ

ÖXçmßžØ^Ù�çmÞ%Ú2äpçmâ\çpß•ÚVßžçpãVÛ2ãVæ�ßoÙX×—ÞoåPÞoßž×'â©è��­×.ÛX×'á^Ú¢ßoçmÛXÝ
Ú2Ø'ãZÛ›ô

ßžáoãZäÉæ]ãkáªßžÙX× ážãZämä�çmÞ�á•ÚVßoÙG×'á-×!ÚVÞoåPè2�GãZá�×��XÚ¢â ÖXäm×Zê6ë�× Ø!ÚVÛ

ßžá^ÚVØ•îÃßoÙX×�ßoÙPàXâ
ìaÚ¢ämãZÛXÝ¥ë%çmßoÙaßžÙX×�ÖUãkçmÛ8ßžçmÛXÝŒð�ÛXÝZ×'á Ú¢ÛXÜ

àXÞž×%ßoÙX×%ážãZämä«ô³Ú¢ÛXÝZäm×�ã¢æ•ßžÙX×�çmâ�ÚVÝZçmÛUÚ¢áoå%ämçmÛX×J�•ãZçmÛXçmÛXÝ�ßoÙX×%ßhë�ã

ðUÛGÝZ×'á%ßžçpÖGÞ;è�$�ÞÉæ]ãkáSßžÙX×­ÖXçmßoØ•Ù�ãZá�×'äm×'íZÚVßžçpãkÛµÚ¢ÛXÝZäm×ZêkëS×�Ú¢áo×

Ø'àGáoáo×.Û8ßžämåµçmÛPíZ×.ÞoßoçmÝPÚVßoçmÛXÝ—áoãZìGàXÞoß�â ×'ßžÙXãPÜXÞ;è

��çmÝZàXáž×2�Xó23�ãZÛPßžáoãZämämçmÛXÝ©Ú¥íPçmáoßžàUÚVäG
UçmÝkÙ8ß2ãVíZ×.á2éSãZÞž×'â çmßo×

�

Ú¢ämäp×.å-àXÞžçmÛXÝ
ÙUÚVÛGÜµÝk×'ÞoßžàXáo×.Þ;è
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ò%ÙXçmÞ�ÚVÖGÖXämçpØ!ÚVßoçmãkÛ�Ú¢äpämãVë%Þ�àXÞo×'ážÞ%ßoã­âµÚ¢ÛXçmÖXàXä•ÚVßž×�ãZì1�Š×'Ø'ßoÞ

çmÛ�Ú%íPçmáoßžàUÚVäV×'ÛPíPçmáoãkÛXâ ×'ÛPß6àXÞžçmÛXÝ�ÙUÚ¢ÛXÜ­ÝZ×'ÞžßoàXáž×'Þ;è -�×'áž×SßžÙX×

àXÞž×'á;þ Þ­ÙUÚ¢ÛXÜ�Ø'ãZÛPßoážãZämÞ�×.çpßžÙX×'á­Ú
öZ÷nØ.àXáoÞžãZá­ßoÙUÚ¢ß%çmÛ8ßž×'á^Ú¢Ø'ßoÞ

ë%çmßoÙ\ãZì1�•×.Ø'ßoÞ%çmÛ ßžÙX×­ÞoØ'×.ÛX×�ãZá%Ú 
Z÷½Ø'àXážÞoãká%ë%ÙXçmØ^Ù\Þo×'äm×'Ø.ßoÞ

Ú¢Ø'ßoçmãZÛGÞ�æ]áoãkâ Ú�â\×'ÛPàLè�ò%ÙX×%×'ÜXçmßoãkáSçmÞ�ÞžÙXãVë%Û
çmÛ ��çpÝkàXáo×��Gè

�LçmÝkàXáo×��Xó�ök÷ �­á^Ú¢ÖXÙXçmØ;Ú¢ä0#�ÜXçmßoãká;è

ò%ÙX×\×'ÜXçmßoãká
ãZÖ�×'á^Ú¢ßo×'Þ
çmÛÃâµÚVÛPåŒâ\ãPÜX×'Þ-Ú¢ÛXÜaßžÙX×�àXÞo×'á

Þžë%çpßžØ•ÙX×'Þ�ì�×'ßhë�×'×'ÛsßoÙG×'Þo×\â ãPÜX×'Þ�àXÞoçmÛXÝ�ÝZ×.ÞoßoàGáo×'Þ!è

ú

Û©ßžÙX×

�žâ ×'ÛPà�â ãPÜX× ��êXßžÙX×-àGÞo×'á­Ø;Ú¢Û©â\ãVíZ×�Ú 
k÷”Ø.àXáoÞžãZá­ãVíZ×'á­Ú

â\×'ÛPàaàXÞžçpÛGÝsßoÙX× ] 5�6 7*8 Ýk×'ÞoßžàXáo×¥ÚVÛXÜEÚVØ.ßoçmíZÚVßž×BÚ¥â\×'ÛPàPô

çmßo×.â ìPånÞoçmâ ÖXämå£ãZÖ�×'ÛXçmÛXÝ½ßoÙG×ˆÙ�ÚVÛXÜÄÿ E�;�= >�?”Ýk×'ÞoßžàXáo×��'è

ú

ÛEßžÙX× �žØ'àXáoÞžãZá�â ãPÜX×E�©ßžÙX×ŒàXÞž×'á�Ø;ÚVÛEÝká^Ú¢ÞoÖJÚ¢Ûˆãkì1�•×'Ø'ß

ìPåŒâ\ãVí8çmÛXÝ Ú�ök÷¸Ø'àXážÞoãZá—çpÛPßžãµçmß!ê6â ãkâ ×'ÛPß^Ú¢áoçmä´å
ãkÖU×.ÛXçmÛXÝ

ßžÙX×-Ù�ÚVÛXÜ£ÿ �žáo×;Ú¢Ø^Ù��µÝk×'ÞoßžàXáo×���ÚVÛXÜ¥ßoÙG×'Û©Þžë%çmßoØ•ÙXçmÛXÝµÚ¢Ý8Ú¢çpÛ

ßžã �žÖUãkçpÛPß��µÝk×'ÞoßžàXáo×kèaò%ÙX×\Þo×'äm×'Ø.ßo×'ÜEãkì1�•×'Ø'ß2Ø;Ú¢ÛaÛXãVë ì�×

â\ãVíZ×'Ü­ìPå�â ãVíPçmÛXÝ�ßoÙX×�ÙUÚ¢ÛXÜ�Ú¢ÛXÜ�ßžÙX×'Û2áo×'äm×;Ú¢Þo×'Ü
ìPå�ãkÖU×'Û›ô

çmÛXÝ�ßžÙX×�Ù�ÚVÛXÜLè�ÕPë%çmßoØ•ÙXçmÛXÝ¨æ]áoãkâ �žÖUãkçmÛ8ß��­ßoã �oáo×!ÚVØ•Ù��UêkçmÛ Ú

Þžß^ÚVßž×­ë%ÙX×'Û�ÛXã2ãZì1�•×'Ø.ß�çmÞSÙG×'ämÜLêPçmÛ8íkãZîk×'ÞSßžÙX×­â ×'ÛPà\â ãPÜX×Zè

��ãZßo×�ßoÙUÚ¢ß�ë%ÙXçmäm×%ãZì1�•×.Ø'ßoÞ%Ø;Ú¢Û ì�×�â\ãVíZ×'Ü2çmÛ
ßoÙXáž×'×­ÜXçmâ ×'ÛPô

ÞžçpãkÛXÞ;êPßžÙX×'å�Ø;Ú¢Ûµì�×­áoãkß^ÚVßž×'ÜŒãkÛXämå ÚVämãZÛXÝ2ãZÛG×¨Ú �PçpÞ!è

ò%ÙX×�â ×.Û8à—ÝZçmíZ×'Þ�àXÞž×'áoÞ�ÚVØ'Ø'×.ÞoÞ�ßoã­ãZßžÙX×'á�æ]àXÛXØ.ßoçmãZÛXÞ�ÞžàXØ•Ù

Ú¢Þ©íPçm×'ë%Ö�ãZçmÛPß©Ø'ãkÛPßoáoãkähê�ãZì1�Š×'Ø'ßsØ'áž×;ÚVßžçpãkÛ��VÜG×'äm×'ßoçmãZÛ�ê�Ú¢ÛXÜ

ÜXá•Ú!ë%çmÛXÝaØ'àGáoíZ×.Þ©ÚVÛXÜ¡áoçmìXì�ãZÛXÞ!è¸ò%ÙX×sàXÞo×.áµØ!ÚVÛ½ù8àGçpØ•îPämå

Ø'áž×;ÚVßž×�Ø'ãkâ Ö�ãZàXÛXÜ
ãkì1�•×'Ø'ßžÞ%ãZá�ÞoØ'×.ÛX×'Þ%æ>áoãZâ ÖXáoçmâ çmßžçpík×SãkìPô

�•×.Ø'ßoÞ!è"��çmÝZàXáž× �2ÞžÙXãVë%Þ�ÚVÛ�×��XÚ¢â ÖXäm×Zè
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$3ßžÙXçmáoÜ ÚVÖXÖGäpçmØ;Ú¢ßoçmãZÛNãVæ�ãZàXásçmÛPßo×'á³æõÚVØ.×EçmÞsçpÛNíPçpÜG×'ã

ÝPÚVâ ×.Þ;è ��ÛX×SÚ¢ÞoÖ�×'Ø'ß�ã¢æUÚVämâ ãkÞoß6ÚVämäZíPçmÜX×'ã%ÝPÚVâ ×.Þ6çpÞ�ÛUÚ!íPçmÝ8Ú!ô

ßžçpãkÛ ÚVÛXÜ\ßoÙX×.] 5�6 7*8SÝk×'ÞoßžàXáo×­çmÞ�çpÜG×;ÚVämämå�ÞoàGçpßž×'Ü\æ]ãZáÉçpß!è�ò%ÙX×

+2ÖUÚ¢á^Ú¢â ×'ßž×'áSØ!ÚVÛ�ìU×—àXÞo×'Ü\æ]ãká%Þoâ\ã8ãkßoÙ
×'äm×'íZÚ¢ßoçmãZÛ\Ø'ãZÛPßžáoãZä

Ú¢ÛXÜŒÚVämÞoã—æ]ãZá�Ú¢Ø'ßoçmãkÛXÞ%ämçpîk×��•àXâ ÖGçpÛGÝUè6ïs×­ÙUÚ!ík×�çmÛPßo×'á³æõÚVØ'×.Ü

ãkàXá�ÞoåPÞoßž×'â¸ßoã­ßoÙX×%Ö�ãZÖGàXä•ÚVá�íPçpÜG×'ã­Ý8ÚVâ\×
�^÷�ãPãZâ ��ÿgÜX×'ík×'ä«ô

ãkÖU×'Ü�ìPå

ú

÷NÕPãVæ>ßhë@Ú¢áo×$�.è���ÚVâ\×ªÚVØ.ßoçmãZÛXÞ�Ú¢áo×­ÛXãVë½ÜX×'ážçpík×'Ü

æ]ážãZâ3Ýk×'ÞoßžàXáo×'Þ!è �GãZá ×��›Ú¢â ÖXäm×Zê�ÚVÞ ÞžÙXãVë%Û½çpÛ ��çmÝZàXáž×©ü

ßžÙX×.]H5�6/7*8@Ýk×'ÞoßžàXáo×�â\ãVíZ×'Þ�ßoÙG×ªÖGä Ú!åk×'á;êPßžÙX×	E�;$=
>�?BÝZ×'ÞžßoàXáž×

��çmÝZàGáo×	�Xó�$ ���ŒÚVÛ��2ìXàXçmämß%àXÞžçpÛGÝ-Þžçpâ\ÖXäm×�ÖXážçmâ çmßoçmíZ×.Þ;è

ãkÖU×'ÛGÞSÜXãPãkáoÞ;êXÚ¢ÛXÜ ßžÙX× > A 6 >�B
ÝZ×.ÞoßoàGáo×�ðUáo×.Þ%ßoÙX×�ÝZàXÛLè�3�ãZÛ›ô

ßžáoãZämämçmÛXÝ�ßžÙX×�Ý8Ú¢â ×%çmÞ%ÛXãVëEì�ãZßžÙ�ÛUÚVßžàXá^Ú¢ä$ÚVÛGÜ çmÛPßoàXçmßoçmík×Zè
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Ï���Ó��

ò%ÙX×�ÞoåPÞžßo×'âNçpÞ�Ø'àXážáo×'ÛPßoämå�çmâ\ÖXäm×'â ×'ÛPßž×'Ü­ãZÛ-Ú�Õ��

ú6ú

ÛXÜXå

Ø'ãkâ ÖXàGßo×'á!è

ú

ß�ãZÖ�×'á^Ú¢ßo×'Þ%ÚVß�ßoÙX×�á^Ú¢ßo×%ãVæJ�Zý�ð�×'ämÜXÞ��¢Þo×'Ø%ë%ÙXçmäm×

àXßžçmäpç��'çmÛXÝ2ÚVì�ãZàXß�öký��¸ã¢æ 3

���

áž×'ÞoãkàXáoØ'×.Þ;è�ò%ÙX×­çmÛXÖXàXß%çmâ
ô

Ú¢ÝZ×'Þ�Ú¢áo×­ãVæ�Þoç��'×�ö 
Zý���
 �8ýXè

ò%ÙX×�Þžçpâ\ÖXäm× Ø'ãkÛPßoãZàGá
×��Pßoá^Ú¢Ø'ßoçmãkÛEßo×'Ø•ÙXÛGçpùPàX×œàXÞo×'Ü¡ì8å

ßžÙX×sÞoåPÞoßž×'â*áo×'ùPàXçmáž×'Þ©ÚÃÙXçmÝZÙ½Ø'ãZÛPßžá^ÚVÞžßaÿ•ãká�ìXä•ÚVØ•î�� Þžß^ÚŽô

ßžçpãkÛUÚVážå�ìUÚ¢Ø•î8ÝkáoãkàXÛXÜ-Ú¢ÛXÜ-Ú%Þžß^Ú¢ìXäm×SÚVâ
ìXçm×'ÛPß�çmäpämàXâ\çmÛUÚVßžçpãVÛ�è

ò%ÙPàXÞ!êXÞoãkâ ×�Ø'ãZÛPßoážãZä6ãVík×'á%ßoÙX×—×'ÛPí8çmážãZÛXâ\×'ÛPßSâ
àXÞžß�ì�×-ÚVÞ³ô

ÞžàXâ ×'Ü�è

ò%ÙX×�Ýk×'ÞoßžàXáo×Œáž×'Ø'ãkÝZÛXçmßoçmãkÛˆÞžåPÞoßo×.â�çmÞ
çmÛPßo×'ÛXÜG×'ÜEßoã¥ì�×

àXÞž×'á­çmÛXÜX×'Ö�×'ÛXÜX×.Û8ß!è�ïs×­ÙUÚ!ík×�Ø'ãkÛXÜXàXØ'ßž×'Ü¥çpÛ›æ]ãZážâµÚVä�ßoážç•ÚVämÞ

ë%çmßoÙ—àXÞo×'ážÞ�ãVæ�ÜXç �•×'áž×'ÛPß�ÚVÝZ×.Þ;êkÞoîPçmÛ�Ø'ãZâ\ÖXäm×��PçmãZÛXÞ!ê'ÝZ×.ÛXÜX×'ážÞ;ê

Ú¢ÛXÜ ÙUÚ¢ÛXÜ Þžç��'×'Þ;èÉò%ÙX×�àGÞo×'ážÞ�ë�×'áo×�ÚVÞžîZ×'Ü\ßoã2âµÚ¢çpÛPß•ÚVçmÛ�ßoÙG×

Þ•ÚVâ ×
Ýk×'ÞoßžàXáo×ŒÚ¢Þ-ßžÙX×'åaâ\ãVíZ×'ÜsÚVÛGÜaáoãkß^Ú¢ßo×'Ü£ßoÙG×'çmá-ÙUÚ¢ÛXÜ

ë%çmßoÙGçpÛ¡ßoÙX×¥ðU×.äpÜ½ãVæ
íPçm×'ë�ê�ßžáoåPçmÛXÝ£ßoã£îZ×.×'ÖnßoÙX×.çpá�ÖUÚ¢ämâ

ÖXä•Ú¢ÛX×©ÛGãZáoâ�ÚVä�ßoã£ßoÙX×aÚ �PçpÞ\ãVæ
ßoÙX×sØ!ÚVâ ×.á^ÚXè ò%ÙX×sÞoåPÞ³ô

ßž×'â¸ßoÙX×'Û\Ø'ãZàGÛ8ßž×'Ü ßžÙX×ªÚ¢ÛXÞoë�×'ážÞSßžÙUÚVß�ÜXçmÞ^Ú¢ÝZáo×.×'Ü
ë%çmßoÙ
ßoÙG×

ÞžÙXãVë%Û£ÝZ×'ÞžßoàXáž×Zè”ò%ÙG×Œáo×'ÞžàXämßoçmÛXÝÃ×'áoážãZá�á^Ú¢ßo×Œë%ÚVÞ
ì�×'ßoßž×'á

ßžÙUÚVÛŒû��1�ZýkýXêVÞž×'ÖUÚ¢á^ÚVßžçmÛXÝ-ì�×'ßhë�×'×'Û^�oÖ�ãZçmÛPß?�Uê��oáž×;ÚVØ•Ù���ê8Ú¢ÛXÜ

�žØ'ämçpØ•î	�2ÝZ×'ÞžßoàXáž×'Þ;ê6ÚVÛGÜ â ãkÞoß�×'áoážãZážÞ�ë�×'áo×-Ú¢ßoßžáoçmìXàXß•ÚVìXäm×�ßžã

ßžÙX×­â ãZßžçmãZÛ
ìXämàXá!è

ò%ÙX×2áo×.äpç•Ú¢ìXçmäpçmßhå
ã¢æSßoÙX× �oØ.äpçmØ•î	� áž×'Ø'ãZÝkÛXçmßoçmãZÛœë@Ú¢Þ�â ×!Ú!ô

ÞžàXáo×'Ü¡ì8åaÚ¢ÞoÞž×'ÞoÞžçpÛGÝsßoÙX×�×'ážáoãZážÞ â�ÚVÛPàUÚVämämåPèŒò%ÙX×�áo×.ÞoàXämßoÞ

íZÚ¢áoçm×'Ü
ë%çmÜX×'ämå-Ú¢â ãZÛGÝ�àXÞž×'áoÞ!è"�ŒÚ¢Û8å2àXÞž×'áoÞ%×;Ú¢Þoçmämå-áž×;ÚVØ•ÙX×.Ü

üký�� áo×'Ø'ãkÝZÛXçmßžçpãkÛ£á^ÚVßž×Zê�ë%ÙXçmäp×\æ]ãká Ú¥æ]×.ëñßoÙXçmÞ á•ÚVßž×Œë@Ú¢Þ

ë�ãZážÞo× ßžÙUÚVÛ �ký���è -�ãVëS×'ík×'á;ê�â\ãZÞžßªàGÞo×'ážÞ
Ø'ãZàXämÜsÖ�×'áhæ>×'Ø'ß

ßžÙXçmÞ%ÝZ×'ÞžßoàXáž×�ë%çmßoÙ�ßoá•ÚVçmÛXçmÛXÝUè

ò%ÙX×ÃÞoß•ÚVìXçmämçmßhåJã¢æ ßoÙX×ÃÖXä•ÚVÛUÚ¢áŒÖUãkÞo×£×'ÞžßoçmâµÚ¢ßoçmãZÛ½ë@Ú¢Þ

Ø'ãkâ ÖXàGßo×'ÜaÚ¢Þ-Ú�Þoß•ÚVÛXÜ�ÚVáoÜÃÜX×'íPç•ÚVßžçpãkÛLê�ãVíZ×'á2ÞoÙXãkáoß�ÿ]ö\ô	�

Þž×'Ø$�%×.ÖUãPØ•ÙXÞ;êcë%ÙXçmäp×�ßoÙX×—ÙUÚVÛXÜ�ë%ÚVÞ%ÙX×.äpÜœÞoßo×!ÚVÜXåPè�ò%ÙX× �•çmßhô

ßž×'á�çmÛ©Ö�ãZÞžçmßoçmãZÛŒçmÞ­äm×'ÞoÞ—ßoÙUÚ¢Û©ãkÛX×-ÖGç!�P×'ä�ÚVÛXÜ¥çmÞªäm×'ÞžÞ�ßoÙ�ÚVÛ

ÙUÚ¢ä«æÉÚ(ÜX×'Ýkáo×'×2çmÛŒßoÙX×2ÚVÛXÝkäp× ,Pè�ò%ÙX×2ÖUÚ¢á^ÚVâ\×'ßo×.á�+ çmÞ­ÚVämÞoã



ÿ>Ú1� ÿ•ìH�

ÿ•Ø$� ÿ•ÜH�

ÿ•×$� ÿmæ��

��çmÝZàXáž×SüXó�ÿ>ÚXê ìH�G�

�

ãkçpÛPß��%ÛUÚ!íPçpÝPÚVßž×'Þ;êkÿ•ØZê ÜH�d�i�%×!ÚVØ•Ù��%ãZÖ�×'ÛXÞ

ßžÙX×­ÜXãPãZá;ê�ÿ•×Zê æ�� �)3�ämçmØ^î	�­ð�áo×'Þ�ßoÙX×�ÝkàXÛLè

ážãZìXàXÞžß�Ú¢ÛXÜaíZÚ¢áoçm×'Þ�Þžâ ãPãZßžÙXämåŒë%çmßoÙÃßoÙX×\ÜXçmÞoß^Ú¢ÛXØ'×\ãVæªßžÙX×

ðUÛGÝZ×'á�æ]ážãZâÄßoÙX×­ß•ÚVìXäm×•ôhßoãkÖLè

$NßoÙXãkáoãZàGÝZÙŒ×'â\ÖXçmáoçmØ;Ú¢äL×'íZÚ¢äpà�ÚVßoçmãkÛ ãVæ�ßoÙX×2×'áoážãZá­á^Ú¢ßo×'Þ

ã¢æißžÙX×2ÝZ×'ÞžßoàXáž×-áž×'Ø'ãZÝkÛXçmßoçmãZÛ�êX×'ÞžÖU×'Ø.ç Ú¢ämäpå\æ]ãká%ßoÙX×2ÜXåPÛUÚ¢â çmØ

Ýk×'ÞoßžàXáo×'Þ%ÞžàXØ•ÙµÚ¢Þ �oØ'ämçmØ•î	�UêZÚ¢ÛXÜ
ë%çmßoÙ
çmÛXØ'ämàXÞžçpãkÛ-ã¢æLßoÙX×%áž×'Ø•ô

ãkÝZÛXç��'×'á!þ Þ6ìU×'Ù�Ú!í8çmãká6çpÛ­ßžá^ÚVÛGÞoçm×'ÛPßoÞ!êVë%çmäpäVáž×'ùPàXçmáo×�â\ãZáž×Lë�ãZáoî

ãkÛµâ\×;ÚVÞžàXáo×.â ×'ÛPß%â ×.ßoÙXãPÜXãkäpãkÝZå Ú¢ÛXÜ�ÛX×'ënßoãPãkäpÞ!è%ò%ÙXçmÞ%çmÞ

Ú¢äpÞžã ßžÙX×-Ø!ÚVÞo×2ë%çmßoÙŒâ\×;ÚVÞžàXáo×.â ×'ÛPß�ã¢æ@ÚVìGÞoãZämàXßž×-ÚVØ.Ø'àXá^Ú¢Ø'å

ã¢æiÖ�ãZÞž×-×.Þoßoçmâ�ÚVßoçmãkÛLè%ÕPàXØ•ÙŒ×'íZÚ¢äpà�ÚVßoçmãkÛµÞžÙXãZàGäpÜœìU×-Ú(ÞoàXì›ô

�•×.Ø'ß�ã¢æiÚVÛ\çmÛXÜX×'Ö�×'ÛXÜX×.Û8ß­ÞžßoàXÜXåPè

� �©Ð�Í�Ó 
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